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(57) ABSTRACT 

In one embodiment, a power Switch driving circuit can 
include: (i) an upper Switch having a first power terminal 
coupled to a Voltage source, and a second power terminal 
coupled to a driving signal; (ii) a lower Switch having a first 
power terminal coupled to the driving signal, and a second 
power terminal coupled to a first voltage level, where the first 
Voltage level is higher than a first ground potential; (iii) an 
upper Switch driving Sub circuit configured to receive a con 
trol signal, and to drive the upper Switch in response thereto; 
and (iii) a lower Switch driving Sub circuit configured to 
receive the control signal, and to drive the lower switch in 
response thereto, where the upper and lower Switch driving 
Sub circuits are coupled to a second ground potential. 

GND1 

7 GND 

  

  



Patent Application Publication Nov. 20, 2014 Sheet 1 of 5 US 2014/0340946 A1 

CONTROL 
SIGNAL 

FIG 1A 

  



Patent Application Publication Nov. 20, 2014 Sheet 2 of 5 US 2014/0340946 A1 

GN D2 — - 

FIG 1B 



Patent Application Publication Nov. 20, 2014 Sheet 3 of 5 US 2014/0340946 A1 

UPPER SWITCH 
DRIVING SUB 

CIRCUIT 
201 

LOWER SWITCH 
DRIVING SUB 

CIRCUIT 
202 

  



Patent Application Publication Nov. 20, 2014 Sheet 4 of 5 US 2014/0340946 A1 

IGND - V V V - 

GND2 -m-m-m- 

FIG. 2B 



Patent Application Publication Nov. 20, 2014 Sheet 5 of 5 US 2014/0340946 A1 

UPPER SWITCH 
DRIVING SUB 

CIRCUIT 
GND1 

V.ctrl ------ B WG l? Q 

7 GND2 7 GND1 

FIG 3 

  



US 2014/0340946 A1 

POWER SWITCH DRIVING CIRCUITS AND 
POWER CONVERTERS THEREOF 

RELATED APPLICATIONS 

0001. This application claims the benefit of Chinese 
Patent Application No. 201210209697.4, filed on Jun. 25, 
2012, which is incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates to the field of electron 
ics, and more specifically to power Switch driving circuits and 
power converters. 

BACKGROUND 

0003. As integrated circuit fabrication process develops 
rapidly with increased operating frequencies and accuracy 
requirements, factors like signal integrity and anti-interfer 
ence are becoming more and more important. Instability on 
power leads and ground may be caused by transient alternat 
ing current that is relatively large under the high-speed 
Switching state of the device and/or inductance in the circuit 
loop. A relatively large current rush may result in power 
Supply and ground noise (e.g., ground bounce). For example, 
when a chip is powered up, a relatively large transient current 
may flow through the chip and power plane. Inductance and 
resistance in the chip package and on the power plane may 
cause Such noise, and lead to fluctuation and variation on the 
power leads or ground lines. The large amount of transient 
current flowing through the impedance of the ground loop can 
raise the ground potential, thereby deviating from the ideal 
ground potential. This ground bounce phenomenon may dis 
turb the output signal and internal logic of the chip, possibly 
resulting in chip function errors. 

SUMMARY 

0004. In one embodiment, a power switch driving circuit 
can include: (i) an upper Switch having a first power terminal 
coupled to a Voltage source, and a second power terminal 
coupled to a driving signal; (ii) a lower Switch having a first 
power terminal coupled to the driving signal, and a second 
power terminal coupled to a first voltage level, where the first 
Voltage level is higher than a first ground potential; (iii) an 
upper Switch driving Sub circuit configured to receive a con 
trol signal, and to drive the upper Switch in response thereto; 
and (iii) a lower Switch driving Sub circuit configured to 
receive the control signal, and to drive the lower switch in 
response thereto, where the upper and lower Switch driving 
Sub circuits are coupled to a second ground potential. 
0005. In one embodiment, a power converter can include: 

(i) a power stage circuit configured to be controlled by the 
driving signal; (ii) a control circuit configured to generate the 
control signal; and (iii) the power Switch driving circuit, 
configured to generate the driving signal according to the 
control signal. 
0006. In one embodiment, an integrated driving circuit 
configured to drive a power Switch in a power stage circuit, 
can include: (i) a push-pull driving Sub circuit comprising an 
upper Switch and a lower Switch, an upper Switch driving Sub 
circuit, and a lower switch driving sub circuit, where the 
power stage circuit is coupled to a first ground potential and 
the integrated driving circuit is coupled to a second ground 
potential, and where the first ground potential is connected to 
the second ground potential through a connecting wire; (ii) a 

Nov. 20, 2014 

first power terminal of the upper Switch is coupled to a Voltage 
Source, and a second power terminal of the upper Switch is 
coupled to a first power terminal of the lower switch; (iii) a 
second power terminal of the lower switch is coupled to a first 
voltage level, where the first voltage level is higher than a 
Voltage level of the first ground potential; and (iv) the upper 
and lower Switch driving Sub circuits are configured to receive 
a control signal to respectively drive the upper and lower 
Switches, where a driving signal is generated at a common 
node of the upper and lower switches to control the power 
switch. 

0007 Embodiments of the present invention can advanta 
geously provide several advantages over conventional 
approaches. For example, particular embodiments can pro 
vide power Switch driving circuits and associated power con 
Verters that Substantially avoid large Voltage fluctuations on 
the ground level. Other advantages of the present invention 
may become readily apparent from the detailed description of 
preferred embodiments below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1A shows a schematic diagram of an example 
power Switch driving circuit. 
0009 FIG.1B is a waveform diagram showing an example 
operation of the power switch driving circuit of FIG. 1A. 
0010 FIG. 2A shows a schematic diagram of an example 
power Switch driving circuit inaccordance with embodiments 
of the present invention. 
0011 FIG.2B is a waveform diagram showing an example 
operation of the power switch driving circuit of FIG. 2A. 
0012 FIG. 3 shows a schematic diagram of an example 
power converter in accordance with embodiments of the 
present invention. 

DETAILED DESCRIPTION 

0013 Reference may now be made in detail to particular 
embodiments of the invention, examples of which are illus 
trated in the accompanying drawings. While the invention 
may be described in conjunction with the preferred embodi 
ments, it may be understood that they are not intended to limit 
the invention to these embodiments. On the contrary, the 
invention is intended to cover alternatives, modifications and 
equivalents that may be included within the spirit and scope of 
the invention as defined by the appended claims. Further 
more, in the following detailed description of the present 
invention, numerous specific details are set fourth in order to 
provide a thorough understanding of the present invention. 
However, it may be readily apparent to one skilled in the art 
that the present invention may be practiced without these 
specific details. In other instances, well-known methods, pro 
cedures, processes, components, structures, and circuits have 
not been described in detailso as not to unnecessarily obscure 
aspects of the present invention. 
0014. A basic function of a driving circuit is to convert a 
control signal received from a circuit to a driving signal. The 
driving signal can be arranged between a control terminal of 
a power device (e.g., a power Switch) and a common terminal. 
Also, the driving circuit should realize electric isolation 
between a control circuit (e.g., that generates the control 
signal) and a main circuit (e.g., including the power Switch). 
One example of an output driving circuit can generally 
include a push-pull connected upper transistor and a lower 
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transistor. However, Voltage fluctuations on the power leads 
or ground may not be reduced by using this kind of output 
driving circuit. 
0015 With reference to FIG. 1A, shown is an example 
power Switch driving circuit. This particular example power 
switch driving circuit can include transistors 105, 110, and 
115, and resistor 120. The sources of transistor 110 and power 
switch 25 can connect to ground. Transistors 105 and 110 can 
receive a control signal to generate corresponding driving 
signal V for power switch 25. Transistor 115 and resistor 120 
can be used to optimize a state-transition time of power 
Switch 25 (e.g., convert to an on-state from an off-state). 
0016. With reference to FIG. 1B, shown is a waveform 
diagram of the power switch driving circuit shown in FIG. 
1A. Parasitic inductances and resistors on the connecting 
wires between ground potential GND1 and ground potential 
GND2, and parasitic capacitors of power switch 25 may 
result in voltage fluctuation on ground potential GND2. Such 
Voltage fluctuations can lead to current I, between ground 
potentials GND1 and GND2 as shown. 
0017. In particular embodiments, power switch driving 
circuits and associated power converters can complementa 
rily control (e.g., based on a control signal) the series con 
nected upper and lower Switches through corresponding 
upper and lower Switch driving Sub circuits, respectively. In 
this way, a driving signal may be output at a common node of 
the upper and lower Switches to control (e.g., via a gate 
connection) a power Switch. In particular embodiments, a 
second power terminal of the lower power switch can connect 
to an independent first Voltage level rather than the ground 
potential, so as to avoid Voltage fluctuations on the ground 
wire caused by the parasitic inductance, parasitic capacitance 
of the connecting wire, and/or parasitic capacitance of the 
power switch when the power switch is off. Therefore, a 
power Switch driving circuit in particular embodiments can 
achieve a better driving result, and improve the system sta 
bility and reliability, as compared to conventional 
approaches. A power Switch driving circuit in particular 
embodiments can be configured to drive various types of 
power switches, such as MOSFET metal oxide semiconduc 
tor transistors. 
0018. In one embodiment, a power switch driving circuit 
can include: (i) an upper Switch having a first power terminal 
coupled to a Voltage source, and a second power terminal 
coupled to a driving signal; (ii) a lower Switch having a first 
power terminal coupled to the driving signal, and a second 
power terminal coupled to a first voltage node, where the first 
Voltage node has a Voltage higher thana ground potential; (iii) 
an upper Switch driving Sub circuit configured to receive a 
control signal, and to drive the upper Switch in response 
thereto; and (iii) a lower Switch driving Sub circuit configured 
to receive the control signal, and to drive the lower switch in 
response thereto, where the upper and lower Switch driving 
Sub circuits are coupled to the ground potential. 
0019. In one embodiment, a power converter can include: 

(i) a power stage circuit configured to be controlled by the 
driving signal; (ii) a control circuit configured to generate the 
control signal; and (iii) the power Switch driving circuit, 
configured to generate the driving signal according to the 
control signal. 
0020. In one embodiment, an integrated driving circuit 
configured to drive a power Switch in a power stage circuit, 
can include: (i) a push-pull driving Sub circuit comprising an 
upper Switch and a lower Switch, an upper Switch driving Sub 
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circuit, and a lower switch driving sub circuit, where the 
power stage circuit is coupled to a first ground potential and 
the integrated driving circuit is coupled to a second ground 
potential, and where the first ground potential is connected to 
the second ground potential through a connecting wire; (ii) a 
first power terminal of the upper Switch is coupled to a Voltage 
Source, and a second power terminal of the upper Switch is 
coupled to a first power terminal of the lower switch; (iii) a 
second power terminal of the lower switch is coupled to a first 
voltage level, where the first voltage level is higher than a 
Voltage level of the first ground potential; and (iv) the upper 
and lower Switch driving Sub circuits are configured to receive 
a control signal to respectively drive the upper and lower 
Switches, where a driving signal is generated at a common 
node of the upper and lower switches to control the power 
switch. 

0021 Referring now to FIG. 2A, shown is a schematic 
diagram of an example power Switch driving circuit in accor 
dance with embodiments of the present invention. In this 
particular example, power Switch driving circuit 204 can 
include a push-pull driving Sub circuit that includes upper 
Switch St, lower Switch St, upper Switch driving Sub cir 
cuit 201, and lower switch driving sub circuit 202. Upper 
switch driving sub circuit 201 and lower switch driving sub 
signal 202 can receive control signal V, and may generate 
driving signals based on control signal V to respectively 
drive upper Switch S and lower Switch St. 
0022. A first power terminal (e.g., a source) of upper 
Switch S can receive Voltage source V, while a second 
power terminal (e.g., a drain) can connect to a first power 
terminal (e.g., a drain) of lower Switch St. Also, Voltage V. 
on a common node of upper Switch Sr. and lower Switch St. 
can be configured as a driving signal to drive (e.g., via a gate 
connection) power Switch Q. A second power terminal of 
lower Switch S can connect to Voltage level or Supply V, 
where Voltage V, can have a Voltage level that is slightly 
higher than ground potential GND1. For example, V, can be 
in a range of from about 200 mV to about 800 mV (e.g., about 
500 mV). A first power terminal (e.g., a drain) of power 
Switch Q can receive input voltage V, and a second power 
terminal (e.g., a source) can be coupled to ground potential 
GND1. In some cases, the second power terminal of power 
Switch Q can alternatively be connected to Voltage level V, 
0023. In this particular example, power switch driving 
circuit 204, the push-pull driving Sub circuit including 
Switches S and Sr., and power Switch Q. may not share the 
same ground potential. For example, power Switch Q may 
have a ground potential of GND1, Switches S and S may 
have an effective ground potential of GND 1+V, and a 
remaining portion of driving circuit 204 (including upper and 
lower switch driving sub circuits 201 and 202) may have a 
ground potential of GND2. Therefore, there may be no 
directly connecting ground wire between power Switch driv 
ing circuit 204 and the second power terminal of power switch 
Q. Thus, ground bounce of any such wire between GND1 and 
GND2 may not be a substantial side effect as to power switch 
Q, and there may be increased ground bounce isolation as to 
driving circuit 204. 
0024 FIG. 2B shows is a waveform diagram of an 
example operation of the power Switching driving circuit 
shown in FIG.2A. As shown, I., from GND2 to GND1, and 
the ground bounce on GND2 may be lowered, at least as 
compared to the approach discussed above (see, e.g., FIG. 
1B). In particular embodiments, ground bounce due to para 
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sitic inductances and parasitic resistors on the connecting 
wire, and parasitic capacitance of power Switch Q, can be 
Substantially eliminated. In this way, ground potential fluc 
tuation, such as in a printed-circuit board (PCB) layout, can 
be effectively eliminated. Also, the stability and reliability of 
the circuit system can be improved, as compared to conven 
tional approaches. 
0025 Referring now to FIG. 3, shown is a schematic dia 
gram of an example power converter utilizing a power Switch 
driving circuit, in accordance with embodiments of the 
present invention. In this particular example, the power stage 
circuit may utilize a flyback topology, and can include trans 
former T formed by primary winding Nand secondary wind 
ing N. The power stage circuit may also include power 
Switch Q, output diode D, and output capacitor C. 
0026. The power stage circuit can be used to receive input 
Voltage V, after being filtered by input capacitor C. Control 
and driving circuit 302 can generate corresponding control 
signal V, according to feedback signal V and sense Volt 
age Vs. For example, feedback signal V can represent 
output voltage V. Sense resistor Rs can connect between 
a second power terminal (e.g., a source) of power Switch Q 
and ground potential GND1. Sense resistor Rs can generate 
sense Voltage Vs at common node A of sense resistor Rs 
and the second power terminal of power switch Q. 

to 0027 Driving circuit 204 can receive control signal V. 
alternately turn on and off upper Switch S and lower Switch 
S, and generate driving signal V for power Switch Q at 
common node B of upper Switch St and lower Switch St. 
For example, one of upper and lower Switches S and Sir 
may be on, while the other is off. In this way, a substantially 
constant output Voltage V can be generated at the output 
terminal of the power stage circuit, based on the control signal 
Veni. 
0028. As shown in FIG. 3, a second power terminal (e.g., 
a source) of lower Switch S can connect to common node A 
of sense resistor Rs and the second power terminal (e.g., a 
source) of power switch Q. Sense Voltage Vs can be config 
ured as a voltage level slightly above a ground level for 
connection at the second power terminal of lower Switch St. 
For example, sense Voltage Vs can be voltage level V, as 
shown above in FIG. 2A. 
0029. Similar to the example of FIG. 2A, lower switch 
driving Sub circuit 202 can also include a push-pull driving 
sub circuit to drive lower switch St. As one skilled in the art 
will recognize, structures of the driving circuits are not lim 
ited to the above mentioned structures as shown in the 
example embodiments. Rather, other circuit structures. Such 
as the driving circuit structures set forth in Chinese Patent 
Applications CN201210142372.9 and CN2009 10078846.6, 
can also be utilized in particular embodiments. Also, the 
upper switch, the lower switch, and the power switch can be 
N-type or P-type MOS transistors, bipolar transistors, or any 
other suitable switching devices. 
0030. It can be seen that by utilizing the power switch 
driving circuit shown in FIG. 3, the push-pull driving sub 
circuit (e.g., Sub circuits 201 and 202, which may have ground 
GND2) and power switch Q (e.g., coupled to GND1 via 
resistor Rs) may not have a same ground potential. Tradi 
tionally, as in integrated circuits (e.g., control and driving 
circuit 302 is integrated on a chip), if the second power 
terminal of lower Switch S is connected to common ground 
GND2 (e.g., the second ground potential) of the integrated 
chip, common ground GND2 should connect to ground 
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GND1 (e.g., the first ground potential) of the power stage 
(e.g., a main circuit) through a connecting wire. As a result, 
parasitic inductance and parasitic resistance on the connect 
ing wire and parasitic capacitance of the power Switch may 
lead to fluctuations on ground Voltage, and current Iow, can 
flow on portions of the common ground wire. 
0031. However, in the particular example of FIG. 3, the 
second power terminal (e.g., the source) of lower Switch St. 
can connect to a different voltage level Vs (or V.). For 
example, this Voltage level Vs (or V) can be a Voltage level 
at common node A of sense resistor Rs and the second power 
terminal of power switch Q, which may be slightly higher 
than the ground potential. Thus, instead of connecting to a 
common ground of the integrated chip, potential fluctuations 
on the ground line and ground current I between common 
ground GND2 of the integrated chip caused by the connecting 
wire between GND2 and ground GND1 of the main circuit, 
can be substantially avoided. 
0032. Also in particular embodiments, a power converter 
can include a driving circuit as described above together with 
a power stage circuit and a control circuit. The control circuit 
can generate a control signal (V) to control the power 
Switch of the power stage circuit. The driving circuit can 
receive the control signal, and generate a driving signal to 
control the power switch. 
0033. The power switch driving circuit as described above 
can be configured to drive various types of power Switches, 
such as MOSFETs. Also, the power switch driving circuit can 
connect to different types of power stage circuits and/or con 
trol circuits to form corresponding circuits according to dif 
ferent applications. The power stage circuit can be a non 
isolated topology (e.g., buck or boost topology) or an isolated 
topology (e.g., flyback topology). The upper Switch driving 
Sub circuit and lower Switch driving Sub circuit can include, 
but are not limited to, the above disclosed forms. Therefore, 
any related alternatives, modifications and equivalents made 
by those skilled in the art may be included within the spirit 
and scope of the invention. 
0034. The embodiments were chosen and described in 
order to best explain the principles of the invention and its 
practical applications, to thereby enable others skilled in the 
art to best utilize the invention and various embodiments with 
various modifications as are Suited to the particular use con 
templated. It is intended that the scope of the invention be 
defined by the claims appended hereto and their equivalents. 

1. A driving circuit for a power Switch, said driving circuit 
comprising: 

a) an upper Switch having a first power terminal coupled to 
a Voltage source, and a second power terminal coupled to 
a driving signal; 

b) a lower switch having a first power terminal coupled to 
said driving signal, and a second power terminal coupled 
in series to a first Voltage level and to a first ground 
potential, wherein said first Voltage level is higher than 
said first ground potential; 

c) an upper Switch driving Sub circuit configured to receive 
a control signal, and to drive said upper Switch in 
response thereto; and 

d) a lower switch driving sub circuit configured to receive 
said control signal, and to drive said lower Switch in 
response thereto, wherein said upper and lower Switch 
driving Sub circuits are coupled to a second ground 
potential. 
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2. The driving circuit of claim 1, further comprising: 
a) a power Switch having a first power terminal coupled to 

an input Voltage, and a control terminal coupled to said 
driving signal; and 

b) a resistor coupled between a second power terminal of 
said power Switch and said first ground potential, 
whereina Voltage of a common node of said resistor and 
said second power terminal of said power Switch is con 
figured as said first Voltage level. 

3. The driving circuit of claim 1, wherein said upper switch 
comprises a PMOS transistor, and said lower switch com 
prises an NMOS transistor. 

4. A power converter, comprising: 
a) a power stage circuit comprising said power Switch; 
b) a control circuit configured to generate said control 

signal; and 
c) the power Switch driving circuit of claim 1, configured to 

generate said driving signal according to said control 
signal. 

5. The power converter of claim 4, wherein: 
a) said power stage circuit employs flyback topology; 
b) said control circuit is configured to receive said first 

Voltage level and a feedback signal, and to generate said 
control signal; and 

c) said feedback signal is configured to represent an output 
Voltage current of said power stage circuit. 

6. An integrated driving circuit configured to drive a power 
Switch in a power stage circuit, the integrated driving circuit 
comprising: 

a) a push-pull driving Sub circuit comprising an upper 
Switch and a lower Switch, an upper Switch driving Sub 
circuit, and a lower Switch driving Sub circuit, wherein 
said power stage circuit is coupled to a first ground 
potential and said integrated driving circuit is coupled to 
a second ground potential, and wherein said first ground 
potential is coupled to said second ground potential 
through a connecting wire; 

b) a first power terminal of said upper switch coupled to a 
Voltage source, and a second power terminal of said 
upper Switch coupled to a first power terminal of said 
lower switch; 
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c) a second power terminal of said lower Switch coupled in 
series to a first voltage level and to said first ground 
potential, wherein said first Voltage level is higher than 
said first ground potential; and 

d) said upper and lower Switch driving Sub circuits config 
ured to receive a control signal to respectively drive said 
upper and lower Switches, wherein a driving signal is 
generated at a common node of said upper and lower 
switches to control said power switch. 

7. The integrated driving circuit of claim 6, wherein: 
a) a first power terminal of said power Switch is configured 

to receive an input Voltage; and 
b) a second power terminal of said power Switch is coupled 

to said first ground potential through a resistor, wherein 
said first Voltage level Substantially equals a Voltage at a 
common node of said resistor and said second power 
terminal of said power switch. 

8. The integrated driving circuit of claim 6, wherein said 
upper switch comprises a PMOS transistor, and said lower 
switch comprises an NMOS transistor. 

9. The integrated driving circuit of claim 6, wherein said 
first Voltage level and said second ground potential have no 
directly connecting ground wire therebetween. 

10. The integrated driving circuit of claim 6, further com 
prising a four-terminal transformer coupled to said power 
switch. 

11. The driving circuit of claim 1, wherein said first voltage 
level is from about 200 mV to about 800 mV higher than said 
first ground potential. 

12. The driving circuit of claim 1, wherein said first voltage 
level and said first ground potential have no directly connect 
ing ground wire therebetween. 

13. The driving circuit of claim 1, further comprising a 
Voltage source coupled between said first Voltage level and 
said first ground potential. 

14. The driving circuit of claim 1, further comprising a 
four-terminal transformer coupled to said power Switch. 

k k k k k 


